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Abstrak  –  Rock  samples  from  Choke  Mountain  were  subjected  to  elemental 
analysis by NAA technique with the aim of broadening any database information 
on their elemental composition and concentration and accessing the extent of their 
environmental  friendliness.  These  observations  suggest  that  all  particulate 
emissions and wastes from the Choke Mountain range should be closely monitored 
to  reduce  its  effects  on  the  environment  and  health.  The  instrumental  neutron 
activation analysis technique (INAA) was used in the qualitative and quantitative 
analysis  of  rock  samples  from  the  Choke  Mountain  area  in  East  Gojjam.  A 
significant  advantage  of  NAA  over  the  techniques  is  the  simplicity  of  sample 
treatment before analysis: in most cases, the only requirement is that the sample be 
reduced  to  a  size  suitable  for  encapsulation.  With  appropriate  experimental 
parameters,  excellent  sensitivity  is  possible  for  some  elements.  The  primary 
objective of this work is to determine and identify the various major, minor and 
trace elements present in rock samples of Choke Mountain. Their effect on the 
environment such as people, animals and atmosphere will be discussed 
 
Key Words – Environmental friendliness; NAA; Choke Mountain; Rock sample; 
database information; geological sample 
 
 
1  Introduction 
 
The Choke Mountain is located to the south of Lake Tana in the Center of East Gojjam Administrative 
Zone. The nearest towns are Bahir Dar to the north and Debre Markos to the south. The Choke 
Mountain is the water tower of the region serving as head water of the upper Blue Nile basin. 
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Fig.1. Choke Mountain 
 
 
Most of the tributaries of the Blue Nile River originate from this mountain range. Choke Mountain 
(CM), which is the coldest and most important ecosystem, is a well defined massif that forms the 
northern limit of East Gojjam Administrative Zone . 
 
There  is  no  longer  significant  natural  forest  cover  in  this  mountain  range.  Since  the  productive 
capacity of the cultivated land is being threatened by the loss of nutrients through erosion, farmers in 
this area are looking for another option because they could not cope with declining crop yields. Every 
year  more  and  more  agricultural  land  is  being  converted  into  Eucalyptus  forest  plantation  which 
ensures income security for residents. 
 
 
 
 
Fig.2. Choke Mountain Range 
 
 
This tends in land use and land cover change to alter the soil and hydrologic characteristics of upland 
watershed of the choke mountain range and may also influence the livelihood of the population living 
in downstream areas of changing critical watershed functions. The primary objective of this work is to 
determine and identify the various major, minor and trace elements (Akpan et al,2010 ) present in rock 
samples of Choke Mountain, and also to qualify nutrient dynamics and estimate nutrient loss in the 
choke mountain range. The rocks of this area are mainly sedimentary and metamorphic. Their effect 
on the environment such as people, animals and atmosphere will be discussed.  
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Experimental  studies  in  nuclear  techniques  are  available  to  researchers  all  over  the  world  and 
applications have been found on all environmental sciences (ALMERA, 2009). Neutron Activation 
analysis (NAA) is a nuclear method of qualitative and quantitative (Araripe et al, 2006) elemental 
analysis, applicable to the analysis of essentially all kinds of solid and liquid samples. Activation 
analysis is a method for determining the elemental content of samples by irradiating the sample with 
neutrons, which creates radioactive forms of the elements in the sample. Small samples are made of 
radioactive by bombarding them with neutrons for a suitable length of time (T) and then counting 
them for a period of (tc) following a suitable radioactive decay period of time (td) with a High Purity 
germanium semiconductor gamma-ray detector coupled to a multichannel pulse-height analyzer (i.e., a 
gamma-ray spectrometer).  
 
NAA is an elemental analysis method by measuring the radioactivity (Beck, 2000) and energy of 
activated elements in the samples irradiated by neutron beam. This method has an excellent beauty 
that is able to analyze all elements in the sample at once without any destruction. In order to achieve 
high detection efficiencies for the various detectable elements in a sample, isotopic neutron source is 
employed for the irradiation of samples and standards. The prepared sample and standard sample are 
placed in an isotopic neutron source once at a time. NAA is one of a number of techniques used to 
accurately determine the presence and concentration of a variety of elements in a sample.  
 
The NAA technique achieves a qualitative and quantitative analysis (Araripe et al, 2006) of unknown 
samples  by  irradiating  this  sample  with  neutrons  which  is  based  on  the  measurement  of  the 
characteristic radiation from radionuclide formed directly or indirectly by neutron irradiation of such 
sample. The NAA technique (Berlizov, 2006) involves the irradiation of a sample by neutrons to make 
the sample radioactive. After irradiation, the gamma rays emitted from the radioactive sample are 
measured to determine the amounts of different elements present in the sample. The activity (A) of the 
isotopes depends on the time of irradiation. The activity of the radioactive isotope produced grows 
according to a saturation characteristic governed by a saturation factor (Yihunie et al, 2011). 
 
The major steps for activation analysis are: Selection of the optimum nuclear reaction, Preparation of 
the sample for irradiation, Irradiation of the sample, Counting of the irradiated sample and Analysis of 
the counting results. The basic essentials required to carry out an analysis of samples by NAA are a 
source of neutrons, instrumentation suitable for detecting gamma rays, and a detailed knowledge of the 
reactions that occur when neutrons interact with target nuclei. 
 
The NAA method then has the desirable features of excellent detection sensitivities for a large number 
of elements; each of which can be firmly identified via the energies of the gamma-ray photons of its 
neutron-induced  radioisotope  (and  the  radioisotope  half-life),  a  high  degree  of  accuracy,  and  an 
excellent measurement precision. The purely-instrumental neutron activation (INAA) method is non-
destructive. The elemental composition and concentration was determined by NAA since potentially 
toxic elements are widely distributed throughout the environment.  
 
Gamma-ray spectrometry is one of the most widely used techniques (ALMERA, 2009) to determine 
the  concentration  of  natural  and  artificial  radionuclide  in  environmental  samples.  The  use  of 
germanium  detectors  in  high-resolution  gamma-ray  spectrometry  allows  a  precise  quantitative 
determination of the radioactive concentration of any type of sample. All other details of analysis etc 
are explained in our earlier paper (Yihunie et al, 2011).  
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2  Methodology 
 
2.1  Sample collection and preparation 
 
Three representative samples were collected from Choke Mountain range near Debre Markos in East 
Gojjam Administrative Zone, Ethiopia, between October, 2010 and February, 2011. C1 for the sample 
from the northern side of the Choke Mountain range, C2 for the sample from the southern side of the 
Choke Mountain range and C3 for the sample from the eastern side of the range were assigned to the 
samples for proper identification. 
  
Searching for information on this area, I found that there has been quite a bit of research on habitat 
loss such as recent article in Hydrology and Earth Science journal with the intriguing title” the use of 
remote  sensing  to  quantify  wetland  loss  in  the  Choke  mountain  Range,  Upper  Blue  Nile  Basin, 
Ethiopia” (Teferi, 2010). 
 
 
 
Fig.3. The source of Blue Nile River 
 
 
The source of the Blue Nile River and its tributaries, and this area had quite a few springs, being 
surprised with their subtle beauty. Most emerged from nowhere, creating little muddy streams with 
flattened yellow flowers. But there were sheep grazing at this high altitude, so most of the muddy 
streams became trampled with little sheep hooves and started to resemble wallowing areas. It was also 
more impressed with the rocks, lichens, and moss than everything else. 
 
 
 
Fig.4. The area at which C1 is collected 
 
There are really cool endemic trees here. based on this incident, it is pretty obvious that it would be 
much better for what is left of this unique environment if nobody comes out here at all.  
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There  are  highly  attractive  and  charming  short  day  plants,  which  behave  both  annual  as  well  as 
perennial flowering herbs. The leaves are alternate and toothed, roots are adventitious and the stems 
are woody solids. The flowers bloom in early winter with a wide range of colors, shapes and sizes. The 
flowers color (Waseen, 2008) range from white and cream through the shade of yellow, pink, bronze, 
red, deep purple and green.  
 
 
 
Fig.5. The area at which C2 is collected 
 
 
The most remarkable feature of this mountain is the virtual absence of forest. The  major natural 
habitats are moist moorland with giant Lobelia spp., Alchemilla spp., sedges and tussocks, Festuca 
spp., and other grasses, montane grass lands and meadows, cliffs, and rocky areas. 
 
 
 
Fig.6. The area at which C3 is collected 
 
 
The mountains are totally unprotected and are severely threatened by the rapid agricultural expansion, 
overgrazing and excessive soil erosion. The almost threatened Abyssinian Longclaw lives in this area. 
It resembles a meadowlark in many ways. 
 
The Choke Mountain rock samples were collected at distances of about 200m from each other since 
the range is very extensive. The collected rock samples from Choke Mountain were broken into pieces 
and crushed into powdery form using a small porcelain mortar and piston. The samples were properly 
prepared together with their standards and simultaneously irradiated in a neutron flux of isotopic 
neutron source. Since the sample and the standard are considered to have been irradiated at the same Hibstie, et. al.  International Journal of Basic and Applied Science,  
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time and position and also counted on the same detector. In addition, the sample and the standard are 
both assumed to experience the same neutron flux and flux perturbation. 
 
The exact location of this research site in terms of latitude, longitude and elevation above sea level are: 
10
034’40’’N latitudes, 37
050’31’’E longitudes and their elevation varies from (3300 – 3950) meter 
above mean sea level (amsl). Its annual mean temperature is below 10
0c.The location and geological 
map of the Choke Mountain as well as the sampling map of the investigated samples are shown in the 
(fig.2).The sample locations that were determined by the use of GPS were plotted on the geological 
map of the study area (Maliszewska-Kordybach et al, 2008; Angelal et al, 2010; Kijowska, 2004). 
 
 
2.2  Instrumental Neutron Activation Analysis 
 
The instrumental neutron activation analysis (Araripe et al, 2006; Kahtani et al, 1986 ) was carried out 
using isotopic neutron source (
241Am- 
9Be ). The gamma ray spectrometer was calibrated using 10 
standard gamma rays of 
152 Eu source and one gamma ray of 
137Cs source (Yihunie et al, 2011). The 
source  strength  is  2Ci  of Am,  with  the  source  located  in  the  center  of  a  paraffin  howitzer. All 
irradiation of samples together with their standards were carried out in the facility of thermal neutron 
flux for a certain irradiation time. The samples are irradiated at a point 3cm from the source by the 
neutrons that have been moderated by the paraffin between the point and the source. Neutron source is 
used for elemental analysis and isotopic abundance analysis of the samples under investigations. When 
the samples are irradiated, a range of radionuclide is produced and these need to be sorted out so that 
the  sum  of  constituent  elements  present  can  be  determined.  This  process  will  evolve  the  use  of 
standard samples with known concentrations.  
 
The detector was kept in a properly designed Lead shield having internal layer of stainless steel to 
reduce the back ground activity (IAEA, 2001). The Genie-2000 software was used for the analysis of 
gamma ray spectrums. The geometry dependent efficiency of the HPGe (Orrell, 2005) spectrometer 
was measured for various energy gamma rays using the standard 
151 Eu source of known activity. A 
high-resolution gamma ray spectroscopy technique was employed for the measurement of gamma-rays 
activity. The most important characteristic of HPGe detectors is their excellent energy resolution. 
 
 
3  Results and Discussions 
 
The fitted spectrum and the experimentally derived continuous background shown in fig.3 are typical 
of an NAA spectrum. According to (Obiajunwa and Nwachokwa, 2000; Mokobia et al, 2006), the 
observed continuous background is an inherent property of all NAA spectrum. The strength of the 
detector signal which are proportional to gamma-ray energies were processed and converted to digital 
form for storage on a multi-channel analyzer at the end of the measurements. The accuracy of NAA 
technique has been checked by carrying out replicate analysis of standard materials having certified 
values. Good agreement between our values and previously published working values is observed for 
most of the elements and for most of the reference materials analyzed during this study when analysis 
obtained before and after irradiation are compared.  
 
Fig.7  is  the  detection  room  background  spectrum  while  Figs.  8,  9  and  10  show  the  spectrum  of 
activated samples together with the room background. Energies of various gamma rays observed are 
also marked at different peaks. 
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Fig.7.  Background spectra of the counting 
room 
  Fig.8.  Gamma spectra of rock sample for 
Choke Mountain (C1) 
     
 
 
 
Fig.9.  Gamma spectra of rock sample for Choke 
Mountain (C2) 
  Fig.10.  Gamma spectra of rock sample for Choke 
Mountain (C3) 
 
 
*K-40 and *Pb-212 are background radiations and they are available inside the samples also as the 
natural radioactivity. The masses and concentrations of these gamma-rays are not calculated because 
of their long half-lives. 
 
Element  concentrations  in  rock  samples  by  using  NAA  are  shown  in  the  table  below. This  table 
summarizes the concentration of detected elements of the Choke Mountain range rocks. 
 
 
3.1  Half-life and decay constant determination 
 
After some mathematical manipulations: 
 
  o N N  t e
 
   …(1) 
 
This is the decay equation showing the exponential decrease in the N with time and the half-life can be 
calculated as: 
 
   

2 ln
2
1  t   …(2) 
 
Similar half-life was calculated for the confirmation of all the elements in the conducting experiment.  
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Fig.11.  The exponential decay of Activity of 
Na in linear plot 
  Fig.12.  The exponential decay of activity of 
Na in semilog plot 
     
     
Fig.13.  The exponential decay of activity of 
Ru in linear plot 
  Fig.14.  The exponential decay of activity of 
Ru in semilog plot 
     
     
Fig.15.  The exponential decay of activity of 
Mo in linear plot 
  Fig.16.  The exponential decay of activity of 
Mo in semilog plot 
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Table 1.   Elements obtained from rock samples collected from the Choke Mountain range using 
Neutron  activation  analysis  (Irradiated  for  about  many  days  with  known  standards): 
(Potassium Iodide) 
 
The 
radionuclide 
Natural 
abundance 
(%) 
The 
Half-life 
Gamma-
abundance 
(%) 
Gamma-
energy 
(kev) 
Concentrations (ppm) 
C1  C2  C3 
Al-28  100  2.24m  100  1778.9  41.25 0.29  1.08 0.047  0.8426 0.041 
Na-24  100  14.96hr  100  1368.6  86.47 0.42  197.08 0.63  145.123 0.54 
Mn-56  100  2.56hr  99  846.7  0.052 0.03  0.474 0.031  0.0418 0.009 
Rb-88  27.83  17.7hr  21  1836  76.85 0.39  ND  ND 
La-140  99.9  1.678d  95  1596.2  0.049 0.0098  ND  ND 
Cu-64  69.1  12.7hr  37  511  0.353 0.027  2.69 0.07  ND 
Cu-66  30.9  5.25hr  8  1039.2  1.431 0.053  ND  2.17 0.03 
Eu-152  47.77  9.31hr  43  970.35  0.034 0.0082  ND  ND 
Cr-51  4.35  3.5m  10  320.08  6.39 0.11  ND  ND 
Ge-75  36.4  82.78m  1  198.5/465.6  26.13 0.23  ND  ND 
Pt-197  25.2  95.41m  1  201.6  77.8 0.39  ND  ND 
Ru-105  18.6  4.44hr  17  469.37  70.97 0.38  ND  ND 
W-187  28.4  23.72hr  25  685.77  0.47 0.03  ND  ND 
As-76  100  1.0778d  6  657.04  8.913 0.13  ND  ND 
Cd-117  7.6  3.31hr  26  1997  58.53 0.34  ND  0.025 0.010 
K-42  6.7  12.36hr  18  1522.9  ND  18.01 0.19  ND 
M0-99  24.4  66hr  5  140.2  ND  378.02 0.9  ND 
Re-188  62.93  16.7hr  15  155  ND  5.501 0.011  296.2 10 
Au-198  100  2.7hr  95  207/412  ND  0.00014 0.0001  ND 
Sr-87  9.9  2.8hr  83  388  ND  0.26 0.023  0.84 0.06 
Ga-72  40  14.1hr  25  626.2  ND  4.325 0.009  4.71 0.23 
Te-131  34.5  3.0hr  50  779.2  ND  ND  0.02 0.01 
Ge-77  7.7  11.3hr  21  419  ND  ND  0.06 0.01 
Xe-135  10.4  9.14hr  90  248  ND  1.9 0.0004  ND 
 
*ND = not detected 
The  knowledge  of  specific  activities  or  concentrations  and  distributions  of  radionuclide  in  these 
materials  are  of  interest  since  it  provides  useful  information  in  the  monitoring  of  environmental 
radioactivity.  
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3.2  Sources of errors 
 
The main sources of the uncertainties associated with the experimental results (Bounakhla et al, 2008) 
are considered to be statistical and systematic sources. The factors that affect the accuracy of the 
results  are  nuclear  effects,  high  count  rate  and  spectral  interferences.  Significant  counting  errors 
associated with high count rates are unlikely to occur because the dead time losses were kept well 
below 2%. Moreover, the live-time mode of the MCA was used to correct for such losses, if any, and 
spectral interferences were mainly controlled and minimized by the proper determination of cooling 
time  as  well  as  selection  of  the  energy  peaks. The  contribution  from  interfering  nuclear  reaction 
induced by slow neutrons depends on the slow neutron flux components in the actual irradiation 
position. The self- shielding effect was minimized by using small sample size. 
 
Discrepancies among the final activities and concentrations calculated with the data sets are on the 
average  less  than  3%  except  for  the  Table  of  Isotopes  for  which  differences  with  the  other 
compilations are about 10%. 
 
 
4  Conclusion 
 
A non-destructive, extremely sensitive, accurate, quick and cost effective Neutron Activation Analysis 
technique  (Beck,  2000;  Berlizov,  2006)  was  applied  with  success  to  determine  the  concentration 
values of the most elements in such complex rock samples (Soliman,2006). It is generally one of the 
most sensitive and non-destructive techniques used in the identification of elemental concentrations. 
The elemental composition of Choke Mountain rocks has been determined using this NAA technique. 
Altogether fourteen elements (Al, Na, Pt, Cd, Rb, Ge, Ru, Cu, W, Cr, As, Eu, La, and Mn) from C1, 
eleven elements (Al, K, Mo, Re, Au, Sr, Ga, Na, Xe, Cu, and Mn) from C2 and ten elements (Al, Cd, 
Re, Sr, Ga, Te, Na, Mn, Cu, Ge) from C3 were observed in the choke mountain range. K was observed 
in C2 rock sample. Some harmful rare earth elements (Rb, Mn, As, Sr, Cr, Cd, Te, Mo, Cu,) (Ljung, 
2011)  were  observed  in  the  rock  samples.These  elements  are  unfortunately  notorious  for  being 
common contaminants as they are very abundant elements. Speciation (Beck, 2000) analysis is not 
performed on a variety of sample types using High Performance Germanium detector to separate 
different forms of an element. Thus all wastes and particulate emissions from the Choke Mountain 
range  should  be  closely monitored  to  reduce their  adverse  effects  on  health  and  the environment 
(Aigbedion, 2007). Accuracy and quality assurance was controlled by the results obtained from the 
analysis of standard samples. These results suggest that care must be exercised in comparing whole 
rocks of Choke Mountain data obtained with various NAA procedures. This provides reproducible 
results and a high degree of reliability and safety. 
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